Approximately 14% of the world's population-1.1 billion people-live without access to electricity, and countless more lack access to reliable electricity. This article looks at electrification opportunities via small hydropower strategically placed within rural communities. We approach the challenge through a unique blend of technical feasibility and policy/legal dimensions to create a "toolkit" that promotes small run-of-river hydropower development. Emerging economies can use this toolkit to ensure that the necessary conditions are in place to facilitate successful development. It includes at a minimum: (1) assessment of site-specific hydropower resource potential; (2) a stable and accessible governance structure; and (3) social acceptability of development and an involved local community. Pakistan is used as a case study, because Pakistan is actively seeking to increase its power generation capacity, is rich in hydropower resources, and is in the process of amending its regulatory scheme.
I. INTRODUCTION
This Article presents an approach to planning and assessing small run-of-river hydropower development that incorporates both physical resource assessment, as well as policy and legal dimensions. Our approach is a "toolkit" that includes both freely available computer models 1 for assessing physical resource potential and an intellectual framework for considering the social and legal policy dimensions influencing the success of small hydropower development. The necessary conditions for small hydro development include, at a minimum, (1) assessment of site-specific physical resource potential within the region of interest; (2) a stable and accessible governance structure; and (3) social acceptability of development and an involved local community. Pakistan is used as a case study for demonstrating application of our Small Hydropower Toolkit because: (a) Pakistan is actively seeking to increase its power generation capacity, (b) is rich in hydropower resources but has limited ground-based data on river flows, (c) its small hydropower regulatory scheme is currently evolving, and (d) it has an opportunity to utilize subsidiarity measures to include local community participation.
We start with an overview of the social and economic benefits of electrification and the opportunities for use of small hydropower in rural electrification. This includes a brief overview of the global potential for small hydropower to meet the need for clean, reliable, and modern electricity. We then discuss our Small Hydropower Toolkit and apply it to Pakistan as a case study. We provide an overview of the Hydropower Potential Assessment Tool (HPAT), 2 which is a numeric model capable of assessing site-specific information to identify sites within regions that are well suited for small hydropower development; through our case study, we illustrate the significant small hydropower potential within the Upper Indus Basin in Pakistan. We identify the minimum social and legal framework needed to support small hydropower development, such as a stable yet flexible regulatory scheme that includes local governance, financial incentives, and community participation. Through our case study, we illustrate its opportunities in Pakistan. Finally, we conclude by offering suggestions for how emerging economies can improve opportunities for successful small hydropower development. 
II. BACKGROUND
Approximately 14% of the world's population-1.1 billion people-live without access to electricity, 3 with countless more living without access to reliable electricity. It is no surprise that in emerging economies, the vast majority of people live without electricity access. 4 In September 2015, the United Nations adopted the Sustainable Development Goals ("SDGs") aimed in part at rectifying this inequity. 5 The SDGs are composed of 17 goals ranging from ending poverty, inequities, and injustices, to addressing climate change and protecting our natural resources by 2030. 6 In practice, meeting most of the SDGs requires improving access to electricity, and goal seven (7) explicitly seeks to "[e]nsure access to affordable, reliable, sustainable and modern energy for all." 7 Providing electricity access to both urban and rural populations is a moral imperative. Access to affordable, reliable, and sustainable electricity provides a myriad of important social and economic benefits. Specific benefits include:
• decreased mortality rates and negative health impacts from indoor air pollution caused by using wood or other biofuels for cooking; 8
• improved educational outcomes due to light to study by in the evening; . 4 See INT'L ENERGY AGENCY, WORLD ENERGY OUTLOOK 2017 EXECUTIVE SUMMARY 6 (2017) (identifying India, Indonesia, and sub-Saharan Africa as areas with low access to electricity). Electrification has been shown to yield up to a 30% improvement in household income 13 by bringing short-and long-term jobs that increase gross domestic product. 14 The largest contiguous populations without access to electricity are in portions of Sub-Saharan Africa and Southern Asia (Figure 1 ). This estimate was produced by comparison of stable "night light" data from space and population distribution data, and is in agreement with the International Energy Agency. 15 It is estimated that up to 85% of those still without access are rural populations. In Pakistan alone (used for the case study), over 140 million people have either no access to a power grid or access is limited to 12 hours of power a day. The overall electricity deficit in Pakistan is on the order of 3-6 GW 19 and at least 45% of the 17 See DIV. FOR Rural communities are disproportionally impacted.
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Despite rich natural resources for hydropower, this energy deficit has led to a national energy crisis.
While there is no "one-size fits all" solution for providing universal access to electricity, the use of renewables in addressing energy needs is growing; renewables are responsible for nearly one-third of new access over the last five years. 22 Further, the use of decentralized sources is projected to be the most cost-effective approach for access by the majority of new rural users through 2030.
23
Though the composition of appropriate solutions is dependent on local contexts, untapped small hydropower potential exists worldwide, and could deliver upwards of 173 GW of new energy globally.
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In Pakistan specifically, hydropower, in all its forms (i.e. small and large), has been estimated to have a total potential of over 40 GW, with up to 75% of this potential undeveloped. 25 Currently, Pakistan is estimated to have approximately 128 MW of operational small hydropower with another 877 MW of small hydropower currently being developed.
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Nearly 160 countries generate electricity from some form of hydropower, accounting for approximately 16% of the world's electricity generation; 27 however, biomass_energy_resources_potential_in_Pakistan_for_power_generation/links/585a35c408aeffd7c4fe2 b98/Assessment-of-biomass-energy-resources-potential-in-Pakistan-for-power-generation.pdf. 21 Ahmad, supra note 20. 22 INT'L ENERGY AGENCY, supra note 3. 23 Id. Utilizing small hydropower is particularly important for emerging economies such as Pakistan, where most modern, utility-scale, energy efficient technologies are too costly, and the highest areas of need are too remote to be serviced by the national electricity grid.
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Many areas currently lacking access to electricity have natural hydropower resources that can be a component of an overall energy solution. 30 Reservoir, run-of-river, and hydro-kinetic hydropower systems are each important and have their own set of strengths. Small and micro-hydropower technologies are particularly useful for micro-grid or stand-alone off-grid applications because they can be less capital intensive and more stable than other renewable sources, such as wind and solar. 31 We therefore focus on small hydropower resources to find solutions for energy access in the rural and remote areas less likely to gain grid access in the coming years.
Several models for estimating small hydropower energy generation potential, development costs, and decision support for infrastructure development have been published recently.
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Combining information of technical site-specific hydropower and climate data with legal and policy analysis, this article will offer a more holistic approach to developing a Small Hydropower Toolkit for nations looking to incentivize small-scale run-of-river hydropower projects. Pakistan provides a good case study due to its lack of energy supply and increased demand for reliable, costefficient electricity production. 
III. ASSESSING HYDROPOWER RESOURCE POTENTIAL

A. Overview
As with any investment, stakeholders need confidence in the technical viability and risks associated with the project. In the case of hydropower, this includes understanding the current resource potential and any projected changes that may occur over the lifetime of the project. For hydropower, a significant source of future uncertainty regarding the physical resource potential is impacts from climate change. Since small run-of-river systems have a limited ability to impound water and regulate flows, optimal siting and engineering of these systems requires understanding the possible range of seasonal flow conditions over the design life of the potential investment. This section of this paper discusses the Hydropower Potential Assessment Tool (HPAT), which is a publicly available computer-based model that estimates run-of-river hydropower potential distributed across a region.
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HPAT is written in Matlab, a numerical computing environment. Two analysis packages, namely: (i) a global climate data downscaling package needed to generate climate inputs for HPAT; and (ii) HPAT itself are freely distributed at www.GlobalClimateData.org. These analysis packages are described in Sections III.B.1 and III.B.2. We demonstrate the application of HPAT through our case study in Pakistan.
Previous studies estimate that there is more than 1 GW of undeveloped smallscale (micro and mini) hydropower in Pakistan, most of it in the mountainous Northern regions.
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Despite the overall estimates, descriptions of methodologies are too brief to permit independent validation of the spatial distribution of the estimates or rigor of the underlying methodologies. HPAT fills this gap in understanding because it relies on open-source, scientifically rigorous methods and estimates the spatial and seasonal distribution of resource potential within a given region of interest.
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In previous work, we have demonstrated the use of HPAT for assessing projected climate change impacts at Falls Creek, an existing hydropower facility in Oregon, USA.
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In this present case study, we demonstrate HPAT by implementing it for the Upper Indus Basin (UIB), which is predominantly within Pakistan and India (Figure 2) . We chose the UIB for the case study because the region contains a significant number of people who currently lack access to electricity (Figure 2) (Figure 3) , and possesses significant river flows. Portions of the UIB are also extremely rugged and it would be costly to connect many of the area's communities to the national transmission grid. Therefore, small-hydropower systems connected to micro-grids may serve as a cost-competitive strategy for supplying electricity to many of the remote villages within the region. 
Programmatic Flow of Model
HPAT integrates the sequential implementation of a collection of computerbased models to estimate current and projected future climate conditions (precipitation and temperature), model streamflow throughout the region, and assess the associated run-of-river hydropower potential. 38 As is further detailed in Sections III.B.2-III.B.4, HPAT automatically outputs several diagnostic statistics to assess the average resource potential and its seasonal stability; HPAT can also be programmed to estimate other quantities of interest, such as the portion of the year when river flows are above a given threshold. 39 As demonstrated in this case study, HPAT can also be implemented to assess long-term stability under projected climate change conditions.
The primary inputs to HPAT, as shown in Figure 4 , are:
(a) a digital elevation model ("DEM") representing the topography of the study region, effectively an elevation map; (b) streamgage data for calibration, typically streamflow measurements taken daily at one or more river or stream locations in the study region; and (c) daily or monthly precipitation and temperature estimates over the time period of interest and on a high-resolution spatial grid (usually the spatial grid is 30 arcseconds, which is approximately 1 km at the equator). 40 Appropriate DEMs (input (a)) are publicly available for all land areas around the globe but must be pre-processed in geographic information system ("GIS") software so that they are suitable for use with the hydrologic model. Ideally, the streamflow observations (input (b)) should include daily measurements and be available for multiple consecutive years. In the demonstration of HPAT for the UIB, we use streamflow observations at four locations within the study domain. The monthly precipitation and temperature time-series data, otherwise referred to herein as high-resolution climate data (input (c)), can be synthesized by accessing publiclyavailable monthly climate data datasets and processing them using the Global 38 Mosier et al., supra note 2, at 493. 39 Id. at 496, 497, 500. 40 Id. at 493, 494, 495. Once the input data have been gathered and provided to HPAT (top row of Figure 4 ), HPAT uses a hydrologic model to simulate streamflow in the study region based on the inputs.
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Note that the conversion of precipitation and temperature inputs (inputs (b1 and b2)) into either historic or projected future streamflow estimates through application of the hydrologic model does depend on physical parameters in the study area; input (c) of calibration data helps account for study area-specific physical characteristics. Once the streamflow estimates have been output from the hydrologic model for the region of interest, they can be combined with elevation and slope information from the DEM (input (a)) and HPAT can estimate the relationship between streamflow and run-of-river hydropower resource potential. 43 These steps can be carried out with equal ease for a single location (e.g., modeling the watershed upstream of an existing penstock), or for a large region, such as the UIB region that we use in this demonstration case study.
A detailed description of HPAT methodology is provided in previous work. 44 In the present article, we provide only a brief overview. Section II.B.2 outlines the sources of input data that we utilize, Section II.B.3 summarizes the hydrologic model, and Section II.B.4 explains how hydropower potential is estimated based on information about topography and streamflow.
Case Study Input Data
HPAT can accept a variety of input data formats for each of the required input data types (a, b, or c). The examples provided here are not exhaustive but are representative of the recommended data characteristics and sources.
Topography (input a):
We use a DEM generated from measurements taken during the Shuttle Radar Topography Mission (SRTM).
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This DEM provides elevation data at a spatial resolution of 30 arcseconds, which corresponds to a spacing of approximately 1 km at the equator. 46 Thirty arcseconds is a commonly used spatial resolution for analyses of regional-scale water resources. 42 Mosier et al., supra note 2, at 495, 496. 43 Mosier et al., supra note 2, at 496. 44 See id. at 494-97. 
Calibration Data (input b):
Before applying HPAT to the entire UIB (the area shown in Figure 3 ) we calibrate and validate the hydrologic model contained within HPAT by applying it to four test sites-Donyian, Hunza, Karora, and Naltar-that are in the UIB (Figure 5 ). Daily streamgage observations for 2000-2015 at these four sites are used for calibration. The calibration procedure is built into HPAT and described in previous work.
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Historic Climate (input c1): We synthesize high-resolution monthly time-series of precipitation and temperature using the GCD modeling package, which requires selecting two types of input climate data sources. We cannot use these input climate data sources directly because one has a sufficient monthly time-resolution, but too low of a spatial resolution (~55 km), and the other has sufficient spatial resolution (~1 km) but too low of a time-resolution. Our GCD package effectively combines the two input types, producing a data series with sufficient monthly time-resolution and sufficient spatial resolution (~1 km) for any global land area.
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The two historical climate data sources used here are time-series data from the Climate Research Unit ("CRU") 49 and climate averages from WorldClim 50 as described in detail in previous work. 51 We produce the historic baseline climate data for the years 1986 through 2015.
The specific climate variables that can be estimated with our GCD package are precipitation, mean temperature, minimum temperature, and maximum temperature. The strength of the GCD package is that it is easy to implement for any global land area. In certain circumstances, daily climate time-series would be preferred over GCD's monthly information.
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For example, daily data can provide greater insight into the timing and magnitude of extreme events. However, one of the tradeoffs is that, in many regions where reliable on-the-ground observations and data are 47 
Projected (Future) Climate (input c2):
Many regions where significant hydropower potential exists receive extensive snowfall, and some regions (including the UIB) additionally receive glacier melt. There is strong consensus between climate models that temperatures are increasing and will continue to increase over the lifetime of installed hydropower assets. These temperature increases will impact the seasonal storage of water as snow and the timing of streamflow. Therefore, in regions such as the UIB where snowfall impacts hydropower potential, it is valuable to assess how changes in snowpack and glacier melt will impact both yearly total hydropower potential and its seasonality. We incorporate an analysis of projected future impacts on hydropower through consideration of projected precipitation and temperature changes projected by climate models. We note that precipitation projections are much less certain than temperature projections. Thus, the primary result of climate change analysis for precipitation projections is to add uncertainty to projected hydropower potential.
Climate models are the primary tool used to project and understand long-term changes in the climate. They are typically run at very low spatial resolutions (approximately 100-300 km).
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The GCD package is designed to bias correct and downscale these climate model simulations to the same 30-arcsecond resolution spatial grid as the historic climate data. 
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RCP 4.5 describes a scenario in which some collective action is taken to limit emissions, while RCP 8.5 is more consistent with a "business as usual" scenario. 53 Typically, an ensemble of climate models run by different research groups is used to estimate the range of uncertainty in future conditions. For example, our previous work 57 uses models from six different research groups with contrasting representations of historic climate. 58 Here, for illustrative purposes we use simulation output for RCP 4.5 for the years 2036 through 2065 from a single climate model, CESM-CAM5.
U N I V E R S I T Y O F P I T T S B U R G H L A W R E V I E
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Figure 5: Hydrologic model calibration sites in the UIB.
Hydrologic Model
Hydrologic models are scientific models used to understand, evaluate, and predict water resources. In our case, the hydrologic model serves as the link between climate data (precipitation and temperature) and streamflow estimates. Our hydrologic model must be calibrated using on-the-ground streamflow data measured 57 in the region of interest; such a calibration is one way of accounting for the physical characteristics that influence the hydrologic cycle and water balance in the system.
The hydrologic model integrated with HPAT was developed specifically for use in data-sparse regions. 60 Other more sophisticated hydrologic models 61 are often used when the physical characteristics of a system are well-measured and welldefined; however, by design, ours can be used to link the climate data to streamflow estimates even when the availability of physical characterization of the environment is more sparse, as is common in lower-resource regions.
Our hydrologic model is based on the Conceptual Cryosphere Hydrology Framework (CCHF).
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The default version of our hydrologic model implemented in HPAT models snow persistence and melt-important physical phenomena in our case study-by characterizing snowmelt as a function of temperature.
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Our model also accounts for water contributions from glacier melt. We use a relatively standard "bucket model" formulation to represent the infiltration of water into the ground and subsequent release of water into the stream channel. 64 The default hydrologic model formulation in HPAT contains seven parameters that are optimized during calibration using deterministic methods. 65 In this demonstration, we calibrate these parameters by simultaneously implementing the hydrologic model for four small, gaged water catchments within the UIB ( Figure   60 Mosier et al., supra note 2, at 495. 61 
5).
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The benefit of concurrent calibration for multiple sites is that it ensures that the model parameters are representative of average conditions across the domain.
Hydropower Estimation
The simulated streamflow produced by the calibrated hydrologic model is combined with elevation information to estimate run-of-river hydropower potential. Statistics of interest can be estimated for each spatial grid cell (approximately 1 km) 66 HPAT's performance relies on the underlying performance of the various integrated models, such as the accuracy of the climate data and hydrologic model. As discussed in Sections III.B.2 and III.B.3, the hydrologic model must be calibrated to capture location-specific physical characteristics that influence physical processes in the hydrologic cycle and water balance. The Kling Gupta Efficiency (KGE) was used to define the objective function for calibrating the hydrologic model and assessing model performance. of 0.2 or greater-depending on the property being assessed-with a value of one indicating no error. Therefore, the hydrologic model used for demonstration purposes only performs to a reasonable standard for the Karora and Naltar test sites. There are several straightforward changes to the model implementation that would likely improve model performance considerably across the group of test sites, including using alternative sources of climate data and different hydrologic model parameterizations. In particular, the climate data used here have a monthly time-step, which is done for computational efficiency; however, daily climate data would be better able to represent mountain weather conditions and hydrology. Further, the simple degree index model we used to relate snow storage and melt performs well when calibrated for single catchments, but does not perform well across multiple catchments. See Mosier et al., supra note 47. Instead, a more sophisticated representation of snow storage and melt within the hydrologic model would be more suitable for large study domains such as the UIB. Id. More sophisticated snow process parameterizations would represent melt as a function of not just temperature but also shortwave solar radiation, and they would use a more complex representation for snow internal energy. Statistics for the historic period can be compared to those for climate change projection scenarios to estimate projected changes and associated uncertainties.
C. Results and Discussion: Applying the Hydropower Assessment Tool (HPAT) in Pakistan
The results presented here are designed to demonstrate the potential utility of HPAT in evaluating run-of-river hydropower potential over a very large region. The demonstration includes conceptually representative analyses of long-term historic and climate change conditions. The presented results are not intended for operational use, but to simply illustrate the analysis workflow. For illustrative purposes, we use one climate model to project future conditions; in operational analysis, it is necessary to use a large ensemble of climate models (typically between six and twelve) that represent the uncertainty range of possible future climate conditions. For example, our previous work includes a full climate change impact assessment study that utilizes six climate models for two climate scenarios. 68 Then, historic hydropower potential estimates for the region are presented in Section III.C.1. Finally, the illustrative climate change analysis is summarized in Section III.C.2.
Historic Hydropower Estimates
For the baseline simulation presented here, HPAT outputs estimates of monthly average streamflow at the model spatial resolution of approximately 1 km (exactly 30 arcseconds) for 1986-2015. Run-of-river hydropower potential is then estimated from these streamflow grids.
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The two main outputs presented here are power stability and power quality. 70 67 The basic run-of-river hydropower potential formulation is P x,y = η H x,y x,y ρ (Eq. 1) where P x,y is the power potential at grid cell x,y (units of Watts), η is an efficiency parameter (unitless), H x,y is the change in elevation across the grid cell (units of meters), x,y is the volumetric flow rate within the grid cell (units of meters cubed per second), ρ is the density of water (units of kilograms per meters cubed), and is gravitational acceleration (units of kilograms per meters squared).
Stability of the hydropower potential throughout the year is also an important determinant of the quality of a site for hydropower development. We estimate the hydropower stability using a metric that we refer to simply as the "stability metric" SM. Mosier et al., supra note 2, at 496. A perfect SM score is one, which only occurs if all months have equal power. The worst case is represented by an SM of zero, which occurs when all of the power is generated in a single month. We then define "power quality," PQ, in each grid cell as the product of the amount of power (Eq. 1) and the stability metric, thus PQ x,y = , * , (Eq. 2) where P x,y refers to Eq. 1 and SM x,y is the stability metric as described in previous work. Id.
68 Mosier et al., supra note 2. 69 See supra note 67 for equations. 70 Id. Power stability is close to zero for most of the high elevation portions of the UIB (meaning that all the power is delivered in a single month) and increases to approximately 0.9 (representing good stability throughout the year) in the flow channels at lower elevations (Figure 6 ). Low power stability at higher elevations is expected because the temperature at these locations is below freezing for the majority of the year and there is less liquid water for driving hydropower installations. At the lower elevations that lie within the flow channel, the portion of the flow derived from rainfall is higher relative to snowmelt. Additionally, the streamflow in the lower portions of the UIB integrates the runoff occurring throughout the region, which has the tendency to smooth the streamflow. As formulated here, the power quality is calculated 71 through multiplying the power potential by the stability metric. 72 Thus, high power quality tends to indicate both high stability and high potential; however, it is possible for one of the two factors to dominate in the power quality calculation. For the UIB, we normalize the power quality values to a representative scale of 1-4, where a value of 4 indicates the best run-of-river hydropower potential quality (Figure 7) . 71 See supra note 67 for equations. 72 Mosier et al., supra note 2, at 500. One utility of the HPAT methodology is that it allows hydropower potential to be evaluated simultaneously over a large geographic area. An advantage of such a methodology is that it facilitates bundling of many small-scale hydropower projects, which then become easier for developers to package and pursue.
Historic hydropower potential alone may not be the only criteria by which a developer chooses to invest in hydropower. For example, given the long design life of hydropower systems, impacts of climate change may need to be considered. Additionally, depending on the type of project, local customers, transmission infrastructure, and legal issues will also be important. Based on the precise needs of a project, different types of analyses can be conducted using either the default or customized output from HPAT. For example, it may be useful to overlay the power quality estimates (Figure 7) with auxiliary information such as the density of people without access to electricity (Figure 2) . A strength of HPAT is that because the code is open-source, it is relatively straightforward to design and implement specific analyses to meet the needs of a given project.
Assessing Potential Impacts of Climate Change
For the illustrative climate projection simulation, HPAT outputs estimates of monthly average streamflow at the model spatial resolution of approximately 1 km (exactly 30 arcseconds) for 2036-2065. The illustrative climate change simulation corresponds to a moderate climate warming scenario. The HPAT output is processed using the same statistics as in the historic baseline case (Section III.C.1) to allow a direct comparison. In this demonstration, climate change uncertainty is not considered; however, it is imperative that an operational study does assess the uncertainty in the HPAT projection results.
Climate change analysis can reveal how both the annual magnitude and stability of hydropower potential is likely to change. For example, if a large percentage of 
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Change is calculated relative to values for the historic period (Figure 6).
Changes in power quality vary from location to location in the UIB under the demonstration scenario (Figure 9 ), reflecting changes to either the total annual power potential, or the seasonal stability, or both. Increases in annual streamflow are expected under a near-term warming climate scenario (such as the one used) because the UIB receives a substantial portion of its melt from glaciers, and increased temperatures will enhance glacier melt. 75 The demonstration results are also illustrative, though, that these general trends in climate change impacts on hydropower quality do not apply to equally all locations within the UIB (Figure 9) . This reinforces the potential investment and operational benefits of including climate change analysis into the siting of small hydropower generation assets. 73 Id. at 496. 74 See supra note 67 for equations. 
D. Conclusions: Assessing Hydropower Resource Potential
HPAT is designed to identify the distribution of run-of-river hydropower resource potential within a given region of investigation (e.g., Figure 6-Figure 7) or at a specific site.
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The tools allow many types of analyses to be conducted, including estimating monthly time-series of streamflow, average hydropower potential, seasonal and interannual variability, and impacts of climate change. The default HPAT settings are easy to implement for any global land area where streamflow observations are available for calibration. The specific model configuration and implementation can be tailored to individual projects, however, depending on the project needs, geography and hydrology of the region, and data availability.
The UIB is extremely large and remote, highlighting the global applicability of HPAT. Further, the UIB contains immense hydropower resource potential, and a large deficit in the current supply of electricity. As seen in Figure 7 , HPAT makes it easy to simultaneously identify multiple potential run-of-river hydropower sites within a target area. This provides greater economies of scale for investments, potentially increasing the viability of small-scale infrastructure projects through bundling of multiple small generation asset investments. While hydropower alone cannot meet the growing demand for power globally, it can be a significant part of the solution. We believe HPAT and similar tools can be leveraged to help realize this international hydropower potential. 76 See supra note 67 for equations. 
IV. SOCIAL AND LEGAL POLICY CONSIDERATIONS
After identifying the availability of small hydropower resources, the next step is to identify the social and legal policy considerations that will allow for development within hydropower rich areas. This section focuses on the social and legal policy considerations necessary for successful small hydropower development, which requires at a minimum: (1) stable, local, and flexible local licensing policies; (2) tariff designs that incentivize investment; and (3) an educated and knowledgeable local community. For each section (IV.A-IV.D), we begin with general legal and policy considerations, then illustrate analysis of these considerations through examination of the energy policies in our case study focus country, Pakistan. This is followed by a discussion of opportunities for improvements to Pakistan's existing legal structure and recommendations for increased local research and development, worker education, and public participation in the process.
A. Stable, Local, and Flexible Hydropower Licensing Scheme
Overly complex national (top-down) licensing schemes can inhibit small hydropower investment. If the costs of licensing outweigh the potential local benefits, investors will look to other projects that are less complex, costly, and timeconsuming. One way to prevent the significant costs and time-delay of small hydropower licensing is to delegate the licensing and permitting processes to local government authorities. This is particularly important due to the distributed nature of small hydropower, where local communities receive the benefit and local communities have the greatest interest in developing small renewable resources within their borders.
In previous work, we have embraced subsidiarity and discussed the benefits of local governance and control of small hydropower facilities.
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Subsidiarity is the theory that the most efficient regulatory body should be the least or lowest centralized authority capable of undertaking the licensing and regulatory process. 79 Localizing licensing responsibilities can be a beneficial means of ensuring that the project is developed expeditiously, and is economically and environmentally viable. This structure empowers local communities to harness sustainable electricity while 78 protecting their natural and environmental resources. It also makes for a more streamlined "one-stop" process, which provides stability and reassures investors. 80 This form of subsidiarity, however, requires that local governments have competency in the tools and financial resources available for implementation. Local agencies must have the tools and financial resources to develop and implement licensing schemes that are simple, transparent, and encourage local public participation.
Pakistan is a country where small hydropower licensing is left mostly to provinces and local policymakers, while conventional hydropower licensing remains with the federal government. 81 When Pakistan became an independent country in 1947, it only had 60 MW of hydropower generation capacity, which was linked to a few small hydropower facilities.
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In the last several decades, Pakistan has installed approximately 6,618 MW of hydropower-mostly in the northern part of the country-only 253 MW of that total have been small to micro plants. 83 The Federal Ministry of Water and Power is Pakistan's executive agency head for all issues relating to power from generation to distribution.
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It formulates policy incentives and establishes plans for the nation's power sector.
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It is also the liaison to provincial governments. 86 Within the Ministry is the Alternative Energy Development Board (AEDB), which was established in May 2003 to facilitate the development of renewable energy by implementing policies and programs, encouraging indigenous technology manufacturing, and undertaking commercial scale projects.
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The overarching goal is to achieve 5% renewable power generation 80 INT'L CTR. ON 
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The AEDB also has a rural electrification program with the goal of providing renewable electricity to nearly 8,000 remote villages in Sindh and Balochistan. 89 The AEDB's website refers to two documents for small hydropower development: 90 the first is a model Implementation Agreement between Pakistan and the private investor; 91 the second is a model Energy Purchase Agreement between Pakistan's distribution companies and the private investor. 92 However, neither of these agreements appear to be specifically restricted to small hydropower. They appear instead to be general hydropower agreements for any size facility. National Electric Power Regulatory Authority (NEPRA) was established by the 1997 Pakistan Regulation of Generation, Transmission and Distribution of Electric Power Act.
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It issues licenses for, regulates, and determines rates for generation, transmission, and distribution of electric power.
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As will be discussed infra, NEPRA has recently experimented with tariff design intended to promote nation-wide small hydropower development (as well as wind and solar development).
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Since 2002, provincial governments have been involved in implementing renewable energy projects-including small hydropower projects of less than 50 MW within their geographic boundaries.
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Each province has an Irrigation and Power (I&P) Department that manages water resources for agriculture and small 88 About AEDB, supra note 87. 89 Id. hydropower generating units. 97 The role of the province is to expedite and facilitate renewable energy development through permitting, educational promotion of renewable energy use, and allocation of land use rights. 98 Local provinces also have a voice in larger projects through the Private Power Infrastructure Board (PPIB) of the Ministry of Water & Power, which is made up of representatives from the provinces and facilitates conventional private sector hydropower projects of more than 50 MW capacity. 99 PPIB has obtained around $9.4 billion in investment from international and local investors and lenders. 100 In August 2010, the PPIB issued a set of guidelines for private power investors. 101 These guidelines are intended to inform on all aspects of private power development including finance, insurance, installation, testing, owning, operating, and maintaining power generation facilities within Pakistan.
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It sets forth some of the steps, though with little detail, in receiving approval for a proposed project. The typical timeline is 40 months from submission to receipt of final approval. 103 Thereafter, operations are required to commence within 24 and 33 months, depending on the circumstances.
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The guidelines, while helpful for large projects, are not applicable for small projects less than 50 MW.
Pakistan's Water and Power Development Authority (WAPDA) was created in 1958. 105 ISSN 0041-9915 (print) 1942-8405 (online) • DOI 10.5195/lawreview.2018.595 http://lawreview.law.pitt.edu water and power policies because it owns and manages the majority of Pakistan's existing hydropower and it is still the country's largest electricity producer. 107 WAPDA is known for its 2001 Water Vision 2025 program with a goal of generating 16,000 MW of hydroelectricity by 2025, mostly by developing large conventional hydropower dams. 108 In addition to the Water Vision 2025, Pakistan has announced several energy policies through the years including 1994, 1998 and 2002 power policies and the 1995 Hydel Power Policy, which have sought to increase demand for hydropower and to attract private foreign investors. 109 Most recently, the Ministry of Water and Power announced the 2013 National Power Policy. 110 The policy sets forth several goals, including "Ensur[ing] the generation of inexpensive and affordable electricity for domestic, commercial, and industrial use by using indigenous resources such as coal (Thar coal) and hydel." 111 Pakistan has one of the largest coal reserves in the world (about 175bn tons of coal reserves that were discovered in Thar, 400 km east of Karachi), 112 and Pakistan has been working with China to build large coal facilities. 113 This decision has been met with international and local concern, but as of the writing of this article, the two countries appear to be moving forward with the $50bn-plus China-Pakistan Economic Corridor plan.
114
On the other side of the coin is the goal of increasing hydropower potential. Several projects have begun with a goal of adding 1,900 MW of medium-sized hydropower generation.
115
One opportunity for Pakistan is for local provinces to work through the I&P Department to issue a set of guidelines for small hydropower development, similar to the PPIB-issued guidelines for large hydropower, to encourage small hydropower private power investment. As noted above, the I&P Department manages local water resources within the province and has a stated goal of facilitating renewable energy development, including small hydropower. This is also important because many canals currently used solely for water irrigation could be powered with little to no negative impacts on agriculture or the environment. Further, given that it already has an established structure, the I&P Department could issue guidelines for small hydropower development like those issued by the PPIB for large hydropower development. The PPIB has been successful in garnering significant international investment, and provinces should establish a local committee to follow its lead. These guidelines should inform all aspects of licensing and development, including the fees, process, consultation requirements, grid connection agreements, and a development timeline. Unlike large hydropower that can take up to 40 months for final approval, 116 small hydropower should have shortened timeframes akin to those of solar and wind projects that typically only take 18-24 months from submission to completion.
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B. Rate Design to Incentivize Investment
The capital cost of small hydropower projects depends on a lot of factors, including location, equipment imports, and administrative costs for licensing and permitting. However, it is estimated that small hydropower can generally cost between $1.0-1.4 million per MW, with payback occurring within 5-7 years.
118
Micro-hydro utilizing imported turbines of up to 50kW can cost between $500-1,000 per kW (i.e. $0.5-1.0 million per MW).
119
As will be discussed in greater detail 115 With capital costs in the millions, rate design is an important aspect of incentivizing small hydropower development. Stakeholders need some level of assurance that they will receive a return on their investment. 121 Otherwise, they will choose a different product in which to invest. For small hydropower, this generally means a government incentive (such as some form of tax break), but it could also mean the assurance that they will recover their costs through reasonable rates charged to the end consumer. While all business investment contains some level of risk, small hydropower should not be disadvantaged by a poor tariff design. Local governments can encourage reasonable returns on investments by adopting rate designs that are commensurate with the costs of the project, whether through private contracts or through regulated rates.
Consumer rates for electricity in Pakistan have historically been artificially low, with the government subsidizing utilities to help incentivize investment. These power generation subsidies are the fourth biggest federal governmental expense.
122
Due to the magnitude of the expense, the government has set the subsidies too low for many utilities to fully recover their investments.
123
As a result, utilities have not had the capital or incentives to continue upgrading and investing in new electricity generation assets.
In 2013, NEPRA sought to nationally even out some of these costs by raising tariffs rates for commercial and industrial customers by 44% and for residential customers by 32% (except for the poorest quintile).
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The government had hoped that the increased tariffs would reduce the demand-supply gap through incentivizing private investment, providing capital for utilities to become more efficient, and 120 
Id.
121 INT'L CTR. ON The new tariff design provides multiple incentives, including rates of return equal to or better than Thar coal, insurance, carbon credits, simplifying the tariff process, and loan incentives.
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Pakistan's incentive rate allows for a 20% return on equity.
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NEPRA also allows qualifying small hydropower facilities (with generation capacity of up to 50 MW) to sell electricity to either the central power agency or to a local distribution company so as to maximize renewable energy into the grid. It is too early to tell the extent to which NEPRA's 2015 tariff determination has helped incentivize investment by ensuring a reasonable rate of return and access to the grid through centralized or distributed energy companies. while several other projects were still in the application process. 133 Recent economic research highlights the financial incentive challenges for small hydro in developing countries. 134 In Thailand, for example, researchers conclude that hydropower must have a rate of return of at least 12% over a 25-year period to incentivize investment. 135 Pakistan's 20% incentive tariff is far above that recommendation; however, to date, only a handful of small hydro investors have taken advantage of it. In contrast, incentive rates for wind and solar projects in Pakistan are at 17% and do appear to have spurred investment. 136 As of 2016, Pakistan added 50 MW of wind power and 300 MW of solar. 137 While it is beyond the scope of this article to draft a rate tariff that would sufficiently incentivize small hydropower, one thing is certain-rates need to be set at a level sufficient for investors to receive a return on investment that is equal to or greater than other forms of electricity generation, including wind and solar.
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NEPRA has also approved net metering for customers generating their own renewable energy, which means that customers will only get billed for their net electricity used at the end of the month. 139 The AEDB has held net metering workshops and issued roadmaps for investors; in January 2017, it issued net metering guidelines for connecting solar energy systems to the national grid. 140 The guidelines are intended for all sizes of solar energy systems (including commercial grade); however, they emphasize Pakistan's goal of promoting investment in small-scale, renewable, distributed generation. 141 While net metering is helpful for incorporating consumer generated solar and wind, access to consumer-generated hydropower can be more complicated and would be more likely to occur with community or cooperative ownership of small hydropower facilities.
C. Local Participation and Knowledgeable Workers
Successful local governance and regulation of small hydropower requires knowledgeable local workers as well as community participation and support. 142 Strong community participation and use of local knowledge will result in local social, economic, and environmental benefits. Public participation generally includes transparent sharing of information, the opportunity for public hearings or comments, and some level of consultation with impacted communities. Scholars from Thailand performed a study to determine whether local public participation in Thailand would provide benefits to small hydropower development. 143 They found in part that planners need a "working knowledge of how a community operates before being able to effectively plan development," and that projects will generally be more successful where the benefits and costs are transparently relayed early in the planning process, 138 Id. and community members have an opportunity to collaborate and comment. 144 They also found that local regulators should facilitate transparent exchanges of information early in the licensing process to encourage community involvement in small hydropower development.
In addition to the benefits of public participation, the use of local resources (materials, labor and knowledge) can significantly reduce project costs. Locally manufactured turbines, local engineers and advisors decrease the cost of development and provide services to ensure quality design, control, and management of the projects. The price differential can be significant. By some estimates, the use of local resources can decrease the cost for micro hydro projects (with a generation capacity of up to 50 kW) from $500-1,000 per kW to $170-250 per kW. 145 Further, our research shows that a lack of qualified, educated, and knowledgeable workers can be a hindrance for the installation and maintenance of hydropower projects.
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The province of Khyber Pakhtunkhwa, located in northwest Pakistan, provides a poignant example of the linkages between hydropower development and the need for a knowledgeable local labor force. In 2016, the province of Khyber Pakhtunkhwa completed 37 community-based micro hydro projects with a total capacity of 2MW. It also plans to build nearly 600 distributed micro hydro projects (generation capacity of 50-150 kW) for remote areas located off the main electrical grid.
149
The province's reasoning for 144 Id. at 321, 332. 145 investing in small hydropower was to increase the stability of their power supply. 150 The province cited a lack of qualified workers as one impediment to the successful implementation of their small hydropower development plan. 151 The province therefore established a technical and vocational training program (The Technical Education and Vocational Training Authority) to provide training and jobs in the small hydropower sector. 152 This training program was financed with the assistance from the European Union, German government, and the Dutch and Norwegian embassies. 153 Equally important is research and development for small hydropower technologies. The Pakistan Council of Renewable Energy Technologies (PCRET) coordinates research and development for renewable energy technologies. 154 It has been working on micro hydropower with a focus on promoting micro hydro plans in isolated rural areas. 155 PCRET recognizes that areas far from the national grid are especially susceptible to environmental degradation and so research and education has been dedicated to sustainable development. 156 Thus far, PCRET has facilitated the installation of 538 micro-hydro plants with a consolidated installed capacity of 8 MW. 157 Nearly half of the plants have been installed through public sector and community development, as well as various governmental and nongovernmental organizations. PCRET promotes significant community participation in all phases of the project planning, and once built, the plants are operated and maintained by the 
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The communities, through Local Management Committees, generate tariffs for the power use and collect customer payments.
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As noted above, lack of educated and knowledgeable employees and researchers is a hindrance to development. To facilitate the availability of knowledgeable local workers, provinces could consider establishing vocational and technical training for local community members interested in entering the energy workforce. By establishing a training program, like that in Khyber Pakhtunkhwa, provinces can promote a knowledgeable workforce to outside hydropower investors and provide short-and long-term jobs to the local community.
Another great example of this is the Barefoot College model established by Bunker Roy in India in 1972. 160 Barefoot College is an innovative educational movement where only the rural poor can enroll and learn how to become experts in water, electricity, housing, health, and education. Women-mostly grandmothersfrom 83 countries in Asia, Africa, and Latin America have been trained to build, install, and maintain solar facilities.
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They even take responsibility for collecting fees in their communities. 162 According to the college's website, the women are responsible for installing solar systems to power more than 18,000 households, and have avoided some 4,020 grams of harmful carbon emissions by displacing kerosene as a source of light, heat, and cooking. 163 
D. Conclusions: Social and Legal Policy Dimensions
As discussed above, 164 the minimum social and legal framework needed to support small hydropower development includes a stable, yet flexible, information driven regulatory framework that allows local communities to govern their own small-scale renewable energy to the extent possible. 158 Id. 159 
Id.
160 Built by the poor, for the poor, BAREFOOT C., https://www.barefootcollege.org/about/ (last visited May 10, 2018). 161 A Story of Impact, BAREFOOT C., https://www.barefootcollege.org/solution/solar/#stats (last visited May 10, 2018). 162 Id. 163 Id. 164 See supra text accompanying notes 142-46. Pakistan is in the middle of an energy crisis. It does not have enough power to meet its current demand, let alone to electrify rural areas that have historically been too remote to be included in the national grid. Pakistan has identified hydropower as a viable energy source to fill the demand gap. It has significant small hydropower potential and has prioritized hydropower development with new policies aimed at increasing incentives and reducing risk of investment in conventional hydropower. Further, small hydropower has been mostly left to the provinces to develop. This local control can be beneficial in helping to expedite licensing decisions by providing early identification of local environmental or social concerns, encouraging local participation, and facilitating local employment. However, provinces cannot take advantage of these opportunities without adequate financial resources, which will most likely need to come from international investors.
We recommend the creation of a single local agency to oversee the entire licensing process for small hydropower. As discussed, 165 local control can be beneficial in helping to expedite licensing decisions, by providing early identification of local environmental or social concerns, by encouraging local participation, and by facilitating local employment. The licensing scheme should be transparent and stable, but flexible to the local needs. Toward that end, each province should create a set of clear guidelines to facilitate small hydropower development within its borders. This will allow a streamlined, one-stop process that will provide private investors with some assurances of a stable licensing structure so that the time commitment and costs of small hydropower licensing do not outweigh its benefits. Further, rates must be sufficient to recoup the capital costs of investment within a reasonable period. The risk of investment should be abated by reasonable rate design and financing and incentive structures. Provinces should develop well-defined opportunities to facilitate successful investment return.
Finally, small hydropower investors need community support and participation, as well as a knowledgeable workforce. This community involvement and use of local resources will help promote small hydropower development by decreasing social anxieties and environmental concerns, decreasing overall project costs, and increasing local job opportunities. Investors will seek to invest in local communities that show competence for constructing, maintaining, and operating small hydropower facilities.
V. OVERALL CONCLUSION
Over a billion people globally live without access to electricity, and countless more live without access to clean, reliable, and affordable electricity. While there is no easy solution to this inequity, small hydropower development can be a viable option to increase electrification in many rural areas. Many hydropower generation assets provide a more stable source of electricity than other intermittent renewable energy resources. Hydropower can be clean, reliable, and cost-efficient. As set forth in this paper, certain conditions are important for successful development of small hydropower. Our Small Hydropower Toolkit is intended to aid in this regard by setting forth the minimum conditions for successful development: (1) technical, sitespecific data; (2) a stable, yet flexible regulatory scheme with incentives for investment; and (3) an educated and involved community and workforce.
